ilar recording techniques and quality-assurance procedures are followed.
INTRODUCTION

THE MOST COMMONLY USED INDICATOR OF SLEEP DISOR-DERED BREATHING (SDB) SEVERITY IS THE RESPIRATORY DISTURBANCE INDEX (RDI), WHICH IS SYNONYMOUS WITH THE APNEA HYPOPNEA INDEX (AHI) IN MANY REPORTS.
The RDI is the total number of apneas and hypopneas per hour of sleep. In clinical populations, the RDI is used to define the presence of SDB and thus identify individuals who require treatment. 1, 2 In addition, for epidemiologic studies, the RDI is used to quantify SDB status and to estimate SDB prevalence. 1 Usually, the RDI is derived from information obtained after a single night of polysomnography. However, if the RDI exhibits considerable night-to-night variability, estimates of disease severity based on a single night study could be misleading.
Previous investigations of RDI variability are conflicting. Some have suggested that RDI derived from a single night of polysomnography is a stable estimate of SDB severity, with excellent reliability for categorizing individuals as having or not having SDB. [3] [4] [5] [6] [7] Other reports indicate that there may be considerable night-to-night variability in the RDI, leading to substantial risk of misclassification. [8] [9] [10] [11] [12] [13] [14] However, most studies have been small, 10, 13 and almost all have utilized laboratory polysomnography. 3, 5, [8] [9] [10] [11] [12] [13] 15 Data from unattended nonlaboratory sleep monitoring in the setting of an epidemiologic study are limited. 16, 17 It is generally recognized that measurements of sleep architecture are subject to a "first-night effect." The first night of sleep in a laboratory in comparison to subsequent nights is characterized by more wakefulness, a longer initial sleep latency, greater amounts of stage 1 sleep, decreased REM sleep and more sleep fragmentation. 18, 19 In contrast, there may be less first-night effect observed when studies are conducted in the home environment. [20] [21] [22] However, most of these latter studies were performed in small numbers of individuals, many of whom had insomnia. 21, 22 There are few data pertaining to variability of sleep architecture indices from a general population sample.
The Sleep Heart Health Study (SHHS) is a large multicenter cohort study that explores the link between SDB and cardiovascular and cerebrovascular mortality and morbidity in the general population. 23 From December 1995 through February 1998, unattended nocturnal polysomnograms (NPSG) were obtained from 6441 individuals at 10 geographic sites. This paper reports on a substudy performed on a sample of SHHS participants to determine the short-term variability of 2 nights of unattended nonlaboratory NPSG data collected several months 
Conclusion:
In the Sleep Heart Health Study, accurate estimates of the severity of sleep-disordered breathing and the quality of sleep were obtained from a single night of unattended nonlaboratory polysomnography. These findings may be applicable to other large epidemiologic studies provided that simapart with particular emphasis on reproducibility of the RDI.
METHODS
Study Design and Participant Selection
At 7 of the 10 field centers of the SHHS 23 (Framingham, South Dakota, and Phoenix did not participate), participants were recruited from individuals who previously had an unattended nonlaboratory NPSG as part of the study. Recruitment was performed using a random stratified block design to ensure that there would be broad ranges of sleep quality and RDI in the sample. Stratification was based on 2 criteria derived from preliminary analysis of a participant's first NPSG: sleep efficiency [Recorded Sleep Time/Sleep Period Time (vide infra), SEff <85% or >85% and respiratory disturbance index (RDI): <15 events/hour total sleep time or >15 events/hour total sleep time]. For stratification purposes, RDI was defined as the sum of apnea and hypopnea events each associated with a >3% desaturation per hour of sleep (RDI 3% ). Stratification was performed using a preliminary analysis of the first NPSG because final scoring at the SHHS Reading Center was not completed for several months after the study had been performed. Preliminary scoring consisted of visual editing and subsequent computerized scoring of sleep and respiration using Compumedics software (vide infra), and resulted in preliminary estimates of the RDI 3% that were generally within 2 events per hour of the final scored RDI 3% . 24 The second NPSG was performed within 4 months of the initial study (mean study interval: 77 + 18 (sd) days; range: 31-112 days).
The study design specified the recruitment of 25 participants in each block [low (<85%) SEff /low (<15) RDI 3% , low SEff/high (>15) RDI 3% , high (>85%) SEff/low RDI 3% , high SEff/high RDI 3% ] for a total of 100 individuals to be restudied. Two factors determined the target total sample size. The first was the number required to minimize the 95% confidence interval for estimates of night-to-night variability. For this factor, precision reaches an asymptote at a sample size between 70 and 80. The second was our intention to compare variance estimates between subgroups such as those with a high SEff versus a low SEff. For such an analysis, precision improves when the subsample has a size of 50.
Each participating SHHS site was provided with a list generated by the Data Coordinating Center of individuals who met this substudy's eligibility criteria, identified by stratification block. Sequentially, subjects were approached with a goal of assigning 25 (study wide) to each block. The recruitment timeframe for this substudy occurred at the end of the overall SHHS enrollment period. Because there were fewer participants being recruited, the number of potential participants in 2 of the blocks was limited. Therefore, only 21 and 24 individuals were recruited for the high SEff/high RDI 3% and the low SEff/low RDI 3% blocks, respectively. The size of the other 2 blocks was increased to 27 subjects. This resulted in a total of 99 participants, which approached the intended sample size of 100.
Procedures
Polysomnography data for both the first and second NPSG were collected using an unattended monitor (Compumedics PS-2 series -Compumedics Pty. Ltd, Abbotsville, AU), as previously described in the SHHS. 23 The recording montage was identical in both studies and included: C 3 /A 1 and C 4 /A 2 electroencephalograms (EEG), right and left electrooculograms (EOG), a bipolar submental electromyogram (EMG), nasal/oral thermocouple (Protec, Woodenville, WA), thoracic and abdominal movement (recorded by inductive plethysmography bands), oximetry (finger pulse oximetry [Nonin, Minneapolis, MN], ECG (recorded by bipolar ECG lead), body position (using a mercury gauge sensor), and ambient light (by a light sensor secured to the recording garment). 23, 24 Briefly, all studies were performed in participants' homes or, for 3 participants, a motel room because their homes were inaccessible. Although no attempts were made to record participants in a uniform environment, NPSGs were not acquired during an acute illness or another event that might have disrupted their normal sleep pattern. Body weights were measured on all participants as part of the first-night data collection but obtained in only 36 participants on the second night. Sensors were placed and equipment was calibrated during an evening visit by a technician, certified by the Reading Center in the performance of SHHS studies. Combinations of tape, gauze, and water-soluble pastes and electrical conducting gels were used to secure sensors and electrodes. Participants wore a specially designed vest that had pockets and pouches used to secure wires and the head box. This vest allowed the participant some freedom of movement without becoming entangled in the lead wires. After hookup, signals were visualized and sensor positions were modified to improve signal quality when needed. Impedance values were checked, and EEG, EOG, and EMG electrodes were replaced if impedance values exceeded 5 KΩ. All data were downloaded from the monitor on the following day and were sent for scoring at the SHHS Polysomnography Reading Center (Cleveland, OH). The processing of the repeat NPSG was performed concurrently with initial NPSGs being scored as part of the main SHHS data collection. Scorers were aware that NPSGs from this study were being processed but were blinded from identifying repeat NPSGs from initial studies. The repeat NPSG always was assigned to the same scorer who had scored the first study.
Sleep stages were scored according to Rechtshaffen and Kales criteria. 24 We calculated the recorded sleep time (RST) as the total number of hours of staged sleep during the study. The RST was measured as the total time spent asleep between sleep onset and either the final sleep epoch preceding wakefulness or the end of the recording. Values were calculated for the time spent in each of stages 1, 2, delta (3/4) and REM sleep and expressed as a percentage of RST. The sleep period time (SPT) was calculated as the time interval beginning with lights out (or sleep onset when "lights off" did not precede sleep onset) and ending with the last epoch of sleep prior to awakening or the end of the recording. The SEff was defined as the RST divided by the SPT. The SEff was not computed in those studies where the SPT could not be determined accurately because of ambiguous light transitions or concerns that the entire sleep period was not captured. Arousals were scored according guidelines published by an American Academy of Sleep Medicine taskforce 25 and reported as the number of arousals per hour of RST (AI). 26 Apnea was defined as a complete or almost complete (<25% of the baseline) cessation of airflow and hypopnea was defined as a decrease below 70% of baseline on chest, abdominal, or thermocouple channels for at least 10 seconds duration. 24 As described previously, scoring of respiratory events using these definitions was highly reliable [intraclass correlation coefficients (ICC) >0.90]. 26 All apneic and hypopneic events were manually identified, but tabulated using Compumedics scoring software. The consistency of manually scored SDB events among different scorers and for the same scorer over time was ensured by rigorous quality-assurance procedures at the SHHS Reading Center. As described in a previous analysis, Compumedics scoring software allowed us to use several definitions of RDI based on the magnitude of associated oxygen desaturation. 27 For this analysis, data is presented for the following definitions of RDI: 1) RDI TOT = the total number of apneas plus hypopneas irrespective of any associated oxygen desaturation/RST; 2) RDI 3% = the total number of apneas plus hypopneas each associated with at least a 3% oxygen desaturation/RST; 3) RDI 4% = the total number of apneas plus hypopneas each associated with at least a 4% oxygen desaturation/RST; and 4) RDI Hyp4% = the total number of apneas irrespective of any oxygen desaturation plus the total number of hypopneas associated with at least a 4% oxygen desaturation/RST. Previous reports from SHHS have used RDI 4% as the primary index of SDB severity. 28, 29 As described previously, 24 each data channel was assigned a quality code grade according to the duration and quality of signals collected, and each study was given an aggregate quality grade based on the overall interpretability and duration of artifact-free signals. Attempts were not made to score sleep stages or to quantify arousals in studies with exces-
The Sleep Heart Health Study-Quan et al SLEEP, Vol. 25, No. 8, 2002 sive artifact in the EEG channels due to unsatisfactory electrode placements, environmental electrical interference, or equipment problems. These latter studies were scored "sleep/wake" only. Acceptable studies were those in which there was a minimum of 4 hours of interpretable data on a least one EEG channel, oximetry, and one respiratory channel (an inductance channel or airflow). 24 
Data Analysis
Basic distributional features of the 4 different definitions of RDI and descriptors of sleep are presented as boxplots. Bland-Altman plots were examined to determine relationships between the magnitude and the degree of variation in the RDI measurements. 30 Intra-subject reproducibility of both RDI and sleep descriptors was estimated using intraclass correlation coefficients (ICC). Mean intrasubject differences, sometimes referred to as the 'bias' from night 1 to night 2, were evaluated with confidence intervals and paired t-tests. To characterize the variability in RDI measurements while accounting for the intrasubject associations, negative-binomial and Gaussian models were fit using generalized estimating equations to the low and high RDI 3% stratification groups respectively. Finally, 3 different cutpoints to define the presence of SDB, > 5, 10, and 15 events/RST for all 4 definitions of RDI, were used to examine the consistency of classifying participants as having SDB from the first to the second NPSG. Table 1 shows the demographic characteristics of the 99 participants enrolled in the study. There were 55 men and 44 women ranging in age from 40 to 87 years. The mean body mass index (BMI) was 28.4 for men and 28.2 for women. Ethnic distribution was the following: 84% Caucasian, 6% African American, 6% Hispanic, 3% American Indian, and 1% other. After final scoring, second NPSGs from 8 participants (4 men and 4 women) were found to be unacceptable. All of these participants were Caucasian with a mean age of 73 years (range: 62-83 years) and a BMI of 30.2 (range: 23.3-40.6). Their data were excluded from further analysis. This failure rate is comparable to that observed for the overall SHHS cohort (5%-9%).
RESULTS
The boxplots in Figure 1 illustrate the distribution, including the mean and median values, quartiles, and variability for several different definitions of RDI between the first and second nights of polysomnography.
Also shown in Figure 1 
a low of 0.77 for RDI TOT to a high of 0.81 for RDI 3% . In addition, mean differences were not significantly different than 0 (p > 0.05) and ranged from 0.44 for RDI 3% to 0.99 for RDI 4% .
Shown in Figure 2 are Bland-Altman plots 30 for the 4 different definitions of RDI used in this analysis. As depicted by the 95% population intervals, for participants in the low-RDI stratification group, night-tonight variability increased as a function of increasing RDI for all definitions. For participants in the high-RDI group, variability appeared constant. Therefore, in assessing the effects of participant characteristics on RDI, we employed two separate models; a negative binomial model linking the mean and the variance in the low-RDI group, and a Gaussian model specifying mean and variance orthogonality in the high-RDI group (A detailed description of the modeling analysis is given in the Appendix). Regardless of RDI definition, or model used, the mean difference did not significantly vary from 0, and 95% confidence intervals encompassed the 0 difference line, thus reaffirming the absence of any bias from the first to second NPSG. Using our modeling strategy, we found that variability was small but increasing with age and RDI level for subjects in the low-RDI group, while variability was larger, but constant and unaffected by covariates for subjects, in the high-RDI group. Larger values of BMI were observed in the high-RDI group and smaller values of BMI were observed in the low-RDI group. Thus, BMI affected variability by moving subjects from the low-RDI group (in which variability was small but increasing) to the high-RDI group (in which variability was larger but constant). The appendix contains details of our modeling procedures for interested readers. For example, the absolute differences between the first night RDI TOT and the second night RDI TOT were 2.8 and 7.3 for the low-RDI and high-RDI groups, respectively, and did not appear to vary with covariates. Thus, on average, a subject's second night RDI TOT value should be within approximately 3 events/RST of their first night's RDI TOT value in the low-RDI group, and within approximately 7 events/RST of their first night's RDI TOT value in the high-RDI-group. Sleep efficiency, gender, and time interval between studies were not found to affect RDI variability. There were insufficient data on weight change to make assessments of its affect on RDI variation. Table 2 shows the consistency of classification from the first to the second NPSG using 3 different cutpoints to define the presence of SDB for the 4 definitions of RDI employed in this study. With an RDI 4% , which has been utilized in 2 previous major SHHS publications, 28,29 the same classification was observed in 79.1% of participants on both nights when the presence of SDB was based on an RDI 4% >5. This increased to 85.7% and 87.9% when SDB was defined as an RDI 4% >10 and RDI 4% >15 respectively. A similar degree of consistency was observed using the other 3 definitions of RDI. However, consistent with our previous report, 27 for RDI TOT virtually all participants had an RDI exceeding the cutpoints >5 and >10, making this analysis nonmeaningful.
The quality of NPSG data on both nights was adequate to accurately score sleep stages and arousals in 91 participants. As previously described, SPT was not calculated when there were ambiguous light transitions or concerns that the entire sleep period was not captured. Thus, SEff was available in only 49 participants. In contrast to RDI, there was less reproducibility between studies in parameters describing sleep and sleep quality. As illustrated in Figure 3 , the ICC values for the percentage of time spent in stages 1, 2, and REM sleep as well as sleep efficiency were notably lower than those observed for RDI. Nevertheless, the mean differences between studies were quite small, and there was no significant bias. The ICC values for stage 3/4 sleep and the AI were intermediate between those noted for RDI and other sleep stages and in a range considered to be good.
DISCUSSION
In this study, we observed that there was a high level of agreement between a RDI measured during an unattended NPSG and a subsequent NPSG performed several months later. This finding was consistent among several definitions of RDI. Among those with a low RDI, variability between studies increased as a function of increasing RDI and age. Variability also was altered by BMI, as mediated by its effect on increasing RDI. However, it was not affected by sleep architecture, sleep quality, or gender. In contrast, a greater level of variability was observed in parameters describing sleep and sleep quality.
We found that despite an interval between NPSGs of up to 4 months, there was no consistent bias in RDI between the 2 nights of study and the short-term variability was low. An underlying assumption of most epidemiologic studies of sleep, including the SHHS, is that representative estimates of respiratory and sleep variables can be obtained from a single NPSG recording. This estimate is then assumed to accurately represent the nature of sleep in the individual for all nights during this interval of time. However, signals recorded in an NPSG are subject to both true biologic differences and measurement or "scoring" variability from one night to the next. In either case, large amounts of systematic bias or variability can lead to inaccuracies if there is reliance on data from a single night of study. In addressing this concern for the SHHS, we have found ICC values ranging from a low of 0.77 for RDI TOT to a high of 0.81 for RDI 3% . Fleiss classifies ICC values greater than 0.75 as indicating excellent reproducibility. 31 Another interpretation for the ICC is given by Rosner, 32 who notes that √ICC is the correlation between a single measurement on a subject and that subject's "true measurement" (the average of an infinite number of measurements on the subject). Consequently, the estimated correlation between RDI TOT measured on the first night and the "true" RDI TOT measurement is √0.77 = 0.88. Our ICC values thus suggest that 1 night of measurement should suffice for drawing conclusions in the SHHS. Nevertheless, this level of reproducibility is less than previous observations over similar time spans for blood pressure 33, 34 and spirometry, 35 which are commonly done in epidemiologic settings. However, it exceeds the repeatability reported for ultrasonic measurements of arterial stiffness, a more complex test that also has been performed in an epidemiologic study. 33 Our data are consistent with a previous study recording only respiratory variables performed in an unattended setting 16 and a small sample of children with unattended monitoring using a recording technique nearly identical to that used in the current study. 17 However, they extend these findings by demonstrating that they can be obtained using a full NPSG montage in SHHS where there are a large number of adults with a broad spectrum of sleep quality and SDB.
We assessed short-term RDI variability by determining consistency of SDB classification using 3 commonly employed cutpoints. 7, 14, 27 Using an RDI 4% >5 to define the presence of SDB, we found that 79.1% of participants received the same classification on both nights of study, which is slightly higher than the 68% to 70% rate of consistency noted in smaller samples studied in a sleep laboratory. 6, [11] [12] [13] Furthermore, our consistent classification rates of 85.7% and 87.9% for RDI 4% cutpoints of >10 and >15, respectively, as well as similar classification rates for the other RDI definitions used in this study, are either comparable or slightly better than previously reported. 7, 14, 16, 36 The level of reliability we observed, notwithstanding sampling procedures that were intended to maximize heterogeneity within the study population, may be due to the absence of first night effect on sleep quality in an unattended setting. This hypothesis is supported by data obtained in a sleep-laboratory environment demonstrating an association between better sleep on the second night of polysomnography and a higher RDI. 8 9,36 In addition, the stringent quality-control procedures used to obtain and process polysomnographic data minimized variability related to technical factors. 24 Despite the level of reproducibility found in this study, we acknowledge that some misclassification may be unavoidable. Because of our rigorous technical standards and the absence of any finding of a significant difference in RDI between study nights, this potential error should be random and not result in any major systematic bias in the assessment of SDB. Nonetheless, the repeatability of a measurement is a major factor in demonstrating whether it is associated with a given outcome. As reproducibility diminishes, there is a greater risk for either underestimating the strength of a relationship or incorrectly accepting the null hypothesis. For the purposes of the SHHS, we believe that this risk is small given the relatively high degree of reproducibility of RDI measurements and the size of the SHHS cohort. Therefore, our results provide evidence to support the utility of NPSG data obtained from a single night to yield reliable indices of the RDI in the SHHS.
Despite our relatively high degree of consistent SDB classification, caution is advised in using these data to determine the adequacy of a single unattended NPSG to make the diagnosis of SDB for patient care purposes. As previously emphasized, these data were obtained using a standardized research protocol using quality-control procedures that may not be available in the clinical arena. Appropriate clinical judgement, in conjunction with information derived from a history and physical examination focused on sleep disorders, should be exercised in such circumstances.
Our data demonstrate that RDI definition was not a significant factor in determining variability between study nights. We analyzed the effect of several commonly used definitions of RDI including RDI 4% which was used in previous major SHHS analyses. 28, 29 Although we have shown that RDI definition impacts the prevalence of SDB in our cohort, 27 the data from the current study indicate that a single NPSG can be used to ascertain prevalence rates irrespective of the definition.
In this study-age, RDI, and BMI differentially affected variability according to level of RDI. There are few previous studies examining factors associated with RDI night-to-night variability. 11, 15, 36 Our data are consistent with these previous reports, which also failed to demonstrate a consistent impact of age, gender, or sleep efficiency on nightly RDI variability. However, they do suggest that the impact of these covariates may differ according to RDI level. Accordingly, future studies in this area may wish to analyze their data similarly. It is possible that differences in body position between the 2 nights of recording explain some of the variability noted in our study. Unfortunately, the accuracy of our body position data collected in the unattended setting could not be independently verified, and thus we did not consider it suitable for analysis. However, previous studies did not find that body position was a major determinant of night-to-night variability. 11, 15 Furthermore, although we did not study participants when they were having an acute upper respiratory tract infection, no specific instructions were given regarding alcohol consumption or sedative-hypnotic use. A greater usage of such agents on either the first or second night might result in higher RDI values, changes in sleep architecture, and greater between-study variability. However, no consistent biases were observed between studies, and thus we believe any effect from differential alcohol or sedative/hypnotic use is minimal. We did observe that in those participants with a RDI < 15, some increase in variability between studies occurred as a function of increasing RDI. This finding may be explained in part by the relationship between increasing RDI and age noted in this subgroup. Our observation is not consistent with a previous study. 15 However, as demonstrated on the Bland-Altman plots, the magnitude of this variability in those with a relatively low RDI is small. Thus, it is unlikely that there is any meaningful imprecision in estimating RDI among those with relatively little SDB.
Consistent with the absence of any meaningful difference in RDI, we did not observe any significant bias in measures of sleep architecture and quality. This finding is at variance with several previous studies demonstrating a first-night effect characterized by more disrupted and less consolidated sleep during an initial night in a sleep laboratory. 18, 19, 37 However, it is compatible with data obtained by others in the home environment where a systematic first-night effect was minimal or not found. [20] [21] [22] Irrespective of whether these previous studies were performed in the sleep laboratory or in the home, data were accrued on successive nights of monitoring. In contrast, the interval between NPSGs in this study was several weeks or months. Therefore, while our data suggest the absence of a first-night effect, we acknowledge that the time between studies may have been sufficiently long to negate any adaptation on the second night of study, perhaps resulting in 2 NPSGs with a first-night effect.
Although we did not find any overall bias in measures of sleep architecture and quality, intrasubject variability represented by the ICC was modest (stages 3/4 and AI) to moderate (stages 1, 2, REM, and SEff), and greater than for RDI. Our findings are consistent with previous studies that showed not only considerable variability in these measurements from night to night, but also that the amount of variation was dependent on the sleep parameter measured. 22, 34, 38 Our observation that stages 3/4 and AI had the least amount of variability is similar to some previous reports, 22, 34, 39 but at variance with others. 38, 40 Except for one study performed in insomnia patients, 22 these previous reports utilized data from laboratory polysomnography. 36, [38] [39] [40] Thus, our data suggest that stages 3/4 and AI may be the most reliable indices of sleep quality in epidemiologic studies when only a single unattended NPSG can be obtained.
The explanation for the amount and pattern of variability between studies in sleep architecture and sleep quality observed in our study is not clear. However, we believe it is not related to scoring variability. Each pair of NPSGs in this study was analyzed by the same scorer and intrascorer reliability for sleep stages in the SHHS Reading Center has been shown to be excellent. 26 In conclusion, we have demonstrated using unattended nonlaboratory NPSG that there is no consistent bias in RDI, or measures of sleep architecture and quality, between studies separated by up to 4 months. Shortterm variability between studies was low for several definitions of RDI, and there was consistent classification of participants as having SDB using several common RDI cutpoints. However, variability between studies for measures of sleep architecture and quality was greater than for RDI. These data indicate that, in the SHHS, accurate estimates of the severity of SDB and the quality of sleep can be obtained from a single night of unattended polysomnography. These observations may be helpful in the interpretation of other epidemiologic studies, provided that similar recording techniques and quality-assurance procedures are used.
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APPENDIX -Modeling Details
We present the details of our modeling strategies to permit cross-study comparisons of parameter estimates. Employing generalized estimating equation (GEE) models allows use of the information in the untransformed, (raw scale), RDI values, while accounting for both the observed mean-variance relationships and the intrasubject associations. Since the variability appeared to increase in the low-RDI stratification group but not the high-RDI group, separate models for the two groups were constructed.
For the high-RDI group, RDI levels did not appear to be modified by covariates and variability appeared constant as RDI levels increased. Hence, the final model for the high-RDI group was specified as: E(RDI i ) = β 0 + β 1 I night=2 , var(RDI i ) = σ 2 R, where I night=2 is an indicator for the second night and R is a 2x2 matrix with ones on the diagonal and correlation coefficient ρ on the off-diagonals. The parameter estimates of this model are summarized in Table A1 . For the low-RDI group, the RDI values were found to increase with increasing age and the variability appeared to increase as the RDI level increased. Thus, Poisson, over-dispersed Poisson, and negative binomial GEE models were fit and examined to evaluate the degree of these relationships. The negative binomial model was found to fit the data closest, and the final model for the low-RDI group was specified as: E(RDI i ) = µ i = β 0 + β 1 I night=2 + β 2 Age i , var(RDI i ) = µ i (1+φµ i )R, where I night=2 and R are as previously specified and φ is the negative binomial distribution dispersion parameter. Different GEE mean link structures were also inspected, and conclusions were not altered by the choice of link; since we have focused on the difference between nightly RDI measurements, the identity link was chosen for model presentation. The parameter estimates of this model are summarized in Table A2 .
To ascertain which patient characteristics related to belonging in the high-RDI group (Night 1 RDI3% ≥ 15), versus the low-RDI group, (Night 1 RDI 3% < 15), a logistic regression model was examined. BMI was determined to be the only characteristic associated with group definition, and the final model formed was: logit{Pr(RDI 3% ≥ 15)} = β 0 + β 1 BMI. The parameter estimates (95% CI) for β 0 and β 1 were -6.94 (-10.5,-3.4) and 0.24 (0.11, 0.36), respectively. Thus, the odds for belonging to the high-RDI group increased by approximately e 2.4 = 11 times for a 10-unit increase in BMI.
The Sleep Heart Health Study-Quan et al SLEEP, Vol. 25 Table A2 -Low-RDI model regression parameter estimates, (95% CI), dispersion estimates and working correlation estimates.
